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EFFECT OF FREQUENCY OF SIDESLIPPING MOTION  ON THE 

LATERAL STABILITY  DERIVATIVES OF A TYPICAL 

DELTA-WING AIRPLANE 

By Jacob H. Lichtenstein and  James L. Williams 

An investigation has been made in   t he  Langley s t ab i l i t y   t unne l   a t  
low speeds t o  determine  the  effect of frequency of sideslipping motion 
on the   l a te ra l   s tab i l i ty   der iva t ives  of a 600 delta-wing  airplane 
configuration. 

The resu l t s  of the  investigation have shown tha t ,   fo r   e i ther   the  
wing alone,  the  wing-fuselage  combination, or the  wing-fuselage-vertical- 
t a i l  combination,  changes in   t he  frequency of oscil lation  generally had 
only minor e f fec ts  on the  s tabi l i ty   der ivat ives  at low angles of attack, 
with  the  exception of the yawing-moment derivatives of the wing-fuselage- 
ver t ical- ta i l   configurat ion which exhibited a considerable  effect of f r e -  
quency. A t  tbe  high  angles of attack  the magnitude of a l l   t h e   s t a b i l i t y  
derivatives measured underwent very  large changes as a resu l t  of the 
osci l la tory motion. 

It was also found that for   the  wing-alone configuration the leading- 
edge radius had a very pronounced bearing on the  effects  due t o  the  oscil-  
latory: motion.  Decreasing the leading-edge  radius,  for  instance, con- 
siderably  increased  the magnitude of the  effects due t o  changes i n  
frequency. 

The use of the   osc i l la tory   s tab i l i ty   der iva t ives   in   ca lcu la t ing   the  
period and time t o  damp t o  one-half  amplitude,  instead of the  use of the 
steady-state  derivatives,  resulted  in an increase in   the   ind ica ted  damping 
and s t a b i l i t y   f o r  high angles of attack. It did, however, increase the 
time t o  damp  somewhat a t  low angles. 
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INTRODUCTION 

Recent  developments  have shown that   s tabi l i ty   der ivat ives   obtained 
from osc i l l a t ion   t e s t s  can  be  considerably  different from those  obtained 
by steady-flow t e s t s   f o r  some angle-of-attack and Mach nuniber ranges 
(refs .  1, 2, and 3) and that these  differences  can  be  quite  important i n  
the  calculation of the s t a b i l i t y  and motions of an  airplane  (ref.  4) .  It 
was a l so  found that the  magnitude of these measured oscil latory  derivatives 
depended t o  a large  extent upon the  frequency and amplitude of the  oscil-  
la tory motion ( r e f .  3) . 

A common and widely  used oscillation  technique i s  one wherein the 
model i s  simply osc i l la ted  about a f ixed   ve r t i ca l  (Z)  axis re l a t ive   t o   t he  
model. These t e s t s  are comonly  called  oscillation-in-yaw  tests, and 
yield a derivative that i s  a combination of two terms; f o r  example, the 
damping term  consists of the damping i n  yaw  Cnr and an  acceleration- 
in-sideslip  term Cni i n  the combination Cnr - Crib. However, i n   t h e  
equations  used for   calculat ing the  airplane motion, these two derivatives 
a re  needed separately. Techniques  have recently been  developed a t   t h e  
Langley s tab i l i ty   tunnel  which w i l l  permit  the measurement of the yaw and 
s ides l ip  terms  independently.  Oscillatory t e s t s   i n  pure yawing, as 
described  in  reference 6, involve a snaking  motion i n  which there i s  no 
sideslip,  and osc i l l a to ry   t e s t s   i n  pure sideslip  involve a side-to-side 
motion i n  which there i s  no rotat ion  ( ref .  3). 

Fresented i n   t h i s  paper i s  a low-speed investigation of pure  side- 
sl ipping motion on a 60° de l t a  wing alone and i n  combination  with a 
fuselage and v e r t i c a l   t a i l .  The range of reduced  frequencies of oscil-  
la t ion  var ied from  0.066 t o  0.218 a t  a maximum amplitude of s idesl ip  
of +2O, and the angle of attack  varied from 0’ t o  32O.. For comparison 
w i t h  the  wing which had an NACA 65AO03 a i r fo i l   sec t ion ,  a f la t -p la te  60’ 
de l t a  wing also was tes ted  in   s idesl ipping motion. In   addi t ion   to   the  
sideslipping tests some results  are  reported  for  oscillation-in-yaw 
t e s t s  (e.g., Cnr - derivative)  for  both of the  wings. Computations 
of the  period and time t o  damp t o  one-half  amplitude were made using  the 
measured osci l la t ion  s idesl ip   data .  These computations were made fo r  a 
typical  delta-wing  airplane. 

CnP 

SYMBOLS 

The data  are  presented  in  the form of standard NACA coefficients of 
forces and moments which a r e   r e f e r r e d   t o   t h e   s t a b i l i t y  system of axes 
with  the  origin  at   the  projection on the  plane of symmetry of the  quarter- 
chord point of the mean aerodynamic chord. The posit ive  direction of 
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i i 
forces,  moments,  angular  displacements, and velocities  are  shown  in 
figure 1. The  coefficients  and symbols used are defined  as  follows: 

I 

CD 

c2 

Cn 

MX 

MZ 

My 

P 

v 
S 

b 

I C 

lift  coefficient, - Lift 
SSW 

drag  coefficient, - Drag 
SSW 

lateral-force  coefficient, Lateral  force 
q% 

rolling-moment  coefficient, %/@$, 
yawing-moment  coefficient, &/qSwbw 

pitching-moment  coefficient, My/qf&Zw 

rolling  moment,  ft-lb 

yawing  moment,  ft-lb 

pitching  moment,  ft-lb 

dynamic  pressure, ?, lb/sq  ft 

mass density  of  air,  slugs/cu  ft 

P 

free-stream  velocity,  ft/sec 

area, sq ft 

span,  ft 

chord,  ft 

mean  aerodynamic  chord, 5 Lbi2 c2 dy,  ft 

distance  from  origin  of  axis  to c'/4 of  tail,  ft 

maximum  fuselage  diameter 

stability  axis  system 

displacement  along  Y-axis,  ft 
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YO maximum sidewise  displacement, ft 

;ir, V velocity  along  the Y-axis ,  - a Y  
at ,  

j;, ir acceleration  along  the Y-axis, 

U angle of attack  with  respect  to 

f t / sec  

NACA RM L37FO7 

-, a;t f t /sec2 a t  
wing chord  plane,  deg 

P angle of s idesl ip ,  tan‘’ 1 radians  unless  otherwise  specified V’ 

B = , - T  - ’ radians/sec 

0 angular  velocity, 2 d ,  ra,dians/sec 

Yf angle of yaw, radians 

7 mass unbalance  about mounting point,  slug-ft 

f frequency,  cps 

t time,  sec 

cob - reduced  frequency  parameter 
2v 

2 

- b 
2v 

sideslipping-acceleration  parmeter  referred  to semispan of wing 

- rb 
2v yawing-velocity  parameter  referred t o  semispan  of wing 

- Pb 
2v 

roll ing-velocity parameter r e f e r r e d   t o  semispan of  wing 

r yawing velocity, h, radians/sec a t  
yawing acceleration, fi, rd ians /sec2  

a t2  

P ro l l i ng  angular velocity,  radians/sec 
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cnB = - 
z n  

a(&) 2v 
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P period  of  oscillation,  sec 

T1/2 time  to  damp  to  one-half  amplitude, -0.693 sec A ’  v ’  

T2 t h e  to  double  amplitude, 0.693 
A’ v ’  

A ’  nondimensional  root  of  lateral-stability-characteristic  equation 
(ref. 7) 

W 
P airplane  relative  density, - 

gPB 

w airplane  weight, lb 

g acceleration  due  to  gravity,  ft/sec2 

Subscripts: 

V vertical  tail 

W wing 

;I) oscillatory 



MODELS AND APPARATUS 

Models 

I 

The model used in   the  major i ty  of the tests of this   invest igat ion.  
i s  shown in   f i gu re  2 and pertinent  geometric  information i s  given  in 
tab les  I and 11. The configuration is ,  i n  general, fairly typica l  of a 
delta-wing  airplane;  the wing had an aspect  ratio of  2.31, a 60° swept- 
back  leading edge, and an NACA 65A003 a i r fo i l   sec t ion .  The fuselage was 
a body of revolution  pointed at the  nose and blunt  at the  rear to  simulate 
a jet   configuration. The v e r t i c a l  t a i l  w a s  tr iangular,  of aspect 
r a t i o  2.18, and had a leading-edge sweepback of 42.5' and an NACA 65-006 
a i r fo i l   s ec t ion .  A photograph of the complete model mounted i n   t h e  6- by 
6-foot test  section of the Langley s tab i l i ty   tunnel  i s  shown i n   f i g u r e  3 .  

The model had separable wing, fuselage, and t a i l  surfaces  in  order 
t o   f a c i l i t a t e   t e s t i n g  of the model as a whole and as components. The 
components were made of balsa wood covered  with a th in  layer of f i b e r  
glass   in   order   to  minimize the  mass and make the  natural  frequency of the  
model on i t s  mounting as high as possible. An attempt w a s  made t o  bal- 
ance the model in   p i tch ,  roll, and yaw in  order  to  decrease  the  out-of- 
balance moments. 

S0m.e t e s t s  were made with  another wing which had the  same plan form 
as the  basic  wing but had a f la t -p la te   a i r fo i l   sec t ion   wi th  a thickness 
r a t i o  of 2.4 percent  based on the chord and rounded leading edge with a 
radius of one-half the  thickness. The t r a i l i n g  edge was beveled t o  give 
a 10' trailing-edge  angle. 

Apparatus 

The apparatus  used in   th i s   inves t iga t ion   for   osc i l la t ion   in   s ide-  
s l i p  i s  similar t o   t h a t  used in  reference 3, except  that   the  oscil latory 
motion  of the  apparatus was forced at a constant  amplitude  for  these 
tests and the   osc i l la tory  motion was f r e e   t o  damp i n   t h e  tests of 
reference 3. The osci l la t ing  port ion of this   apparatus   (osci l la t ing 
support   s t rut)  shown i n   f i g u r e s  4(a) and (b) consisted of a 9-foot 
length  of  streamlined  steel  tubing which  spanned the  tunnel  j e t  and 
extended  through  the walls of the 6- by 6-foot t e s t   s ec t ion  of t he  
Langley s tab i l i ty   tunnel .  The ends  of this  streamlined strut were  sup- 
ported by triangular-shaped  swinging arms, which  were pivoted and sup- 
ported by. r ig id   tunnel   s t ruc tura l  members. The osc i l l a t ing  .motion was 
imparted t o   t h e   s t r u t  by the  push  rod which  had one end pinned t o ' t h e  
s t r u t  and the  other end mounted off  center on the  rotating  f lywheel 
( f ig .   4 (b) ) .  The location of the  push-rod  attachment at the  flywheel 
could be changed so  tha t   t he  amplitude of the  motion  could be adjusted 
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t o  give  the  desired  sideslipping  velocity  for a given  frequency. The 
off-center mass of the  attachment was balanced by a lead  weight mounted 
on the  flywheel. The i n e r t i a  of the  flywheel was made large  in   order   to  
reduce, as much as prac t ica l ,   the   f luc tua t ions   in   c i rcu lar   ve loc i ty   tha t  
occur  during a cycle. The flywheel was driven by a 1-horsepower direct-  
current motor through a gear  drive system with a reduction  ratio of 6 t o  1 
(f ig .   4(c)  ) . The frequency of the  osci l la t ion was controlled by varying 
the  vol tage  to   the  dr ive motor. 

A pure   l a te ra l   osc i l la tory  motion  cannot be obtained  with  such an 
apparatus; however, by using a swinging-arm radius of 45 inches,  the 
streamwise  motion of the  model can  be  considered negligible  (about 3/4 
of 1 percent of free-stream  velocity). A sketch  depicting  typical 
motion of the model i s  given in   f igure  5 .  Because  of the  eccentr ic i ty  of 
the  crank arm, the  resul t ing motion is not a true  sinusoidalmotion. The 
d is tor t ion   var ies  from zero a t   t he  ends  of the motion t o  a maximum at the 
center of the motion. The data-reduction system ( r e f .  6) was such tha t  
the  error  at the maximum dis tor t ion  was less  than 1 percent for the  worst 
case and the average error  over an entire  cycle was considered t o  be 
negligible. 

The model was raised above the  horizontal   strut   in  order  to  reduce 
the  interference of t he   s t ru t  on the model ( f ig .  3).  The ro l l ing  and 
yawing moments were measured by a two-component s t r a i n  gage located  at  
the  desired  center of gravity of the model. The output from the   s t ra in  
gage was fed   t o  a data-reduction system which permitted  readings of the 
in-phase and out-of-phase  portions of t h e   t o t a l  moment on a meter. This 
data-reduction system i s  descr ibed   in   de ta i l   in   the  appendix of refer-  
ence 6 and therefore w i l l  not be described  herein. 

The apparatus  used for  the  oscillation-in-yaw  tests was the sane  as 
that  described  in  reference 5.  The data-reduction equipment was the same 
as tha t  used for   the  osci l la t ion-in-s idesl ip   tes ts .  For the  steady-state 
tests  the  conventional six-component mechanical  balance system was used 
with the models mounted on a single  strut   support .  

J 

' TESTS AND COIiRECTIONS 

Tests 

The t e s t s  were conducted i n   t h e  6- by 6-foot test section of the 
Langley s t ab i l i t y   t unne l   a t  .a  dynamic pressure of 24.9 pourids per  square 
foot.  This  corresponds t o  a Mach  number of 0.13 and a Reynolds number 
of about 1.6 X LO 6 based upon the mean aerodynamic chord of the wing. 
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I 4 ,configurations,  the NACA 65AO03 a i r f o i l  wing, the  wing-fuselage combina- 
1 tion,  the  wing-fuselage-vertical-tail  cambination. The angle-of-attack 
I 
! i n  2' increments). The basic model configurations were tes ted at one 
I amplitude of sideslipping  oscillation, +20 for  four  frequencies (1, 1.63, 
1 2.00, and 3.31 cycles  per  second) which corresponds t o  reduced  frequency 

The osci l la t ion-in-s idesl ip   tes ts  were made for   three  basic  model 

range was varied from Oo t o  32O (Oo to 160 i n  4 O  increments and 1-60 t o  32O 

1 parameters of 0.066, 0.109, 0.132, and 0.218, respectively. 2v 
Same addi t iona l   t es t s  were made on a f la t -p la te  wing. This wing 

was tes ted at the same. amplitude of osc i l la t ion  (k2') and angle-of-attack 
range (Oo t o  32O) but at only two frequencies, 1 an3 3.31 cycles  per 
second. 

F 
11 
:I frequencies  as  the  oscil lation-in-sideslip  tests.  The angle-of-attack 
I. range also was from Oo t o  320. 

The oscillation-in-yaw  tests were made only  with  the NACA 65AOO3 
a i r f o i l  wing at an amplitude of osci l la t ion of k2O and at the same four 

The s t a t i c  tests were made through  the same angle-of-attack  range 
(Oo t o  320) a t  p = 00 fo r  l i f t ,  drag, and pitching moment and at 
p = &To for   the Cyp, Cnp, a d  C z P  terms. A t  several   cr i t ical   angles  

of a t tack  the  s idesl ip  was ,varied from -10' t o  10' i n  2' increments i n  
order t o  insure  that   the  variation of the   l a te ra l   s tab i l i ty   der iva t ives  
was close enough to   being  l inear   to   sat isfactor i ly   permit  the use of 
tests at *5O to   ob ta in   the   s ta t ic   der iva t ives .  

Corrections 

Jet-boundae  corrections  to  angle of attack and drag  coefficient 
have been determined by the method  of reference 8 and are based upon the 
data  obtained from the   s t a t i c   s ides l ip   t e s t s  at p = 0'; these  correc- 
t ions have been applied t o   t h e   s t e w - s t a t e   r e s u l t s .  No boundary correc- 
t ions were applied  to  the  oscil lation  derivatives because  they were 
believed t o  be small ( r e f .  9 ) .  Blockage corrections  determined by the 
methods presented  in  reference 10 have  been applied  to  the dynamic pres- 
sure and drag. The dynamic data  were corrected for the   e f fec ts  of a 
var ia t ion  in   angular i ty  of the  airstream as the model osci l la ted from 
side   to   s ide   in   the   t es t   sec t ion .  A correction  also was applied t o   t h e  
wind-off osci l la t ion  readings  for   the  s t i l l -a i r  aerodynamic e f fec t  on the 
model. This correction'was  obtained by first osci l la t ing  the model i n  
f r ee  air a d  then  completely  enclosing  the model and s t r a i n  gage i n  a 
wooden box. t o  shield. it from the   a i r .  (See f ig .  6. ) The resonance 
effect  discussed  in  reference 11 becomes important  only for   the  f re-  
quencies  considered a t  Mach numbers ne=  unity and, therefore,  requires 
no consideration  for  the  present  investigation. The data  have not been 

L 
. I  
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corrected  for  turbulence or support-strut  interference,  although  the 
l a t t e r  m a y  be sizeable at the  higher  angles of attack. 

REDUCTION OF DATA 

The equations of motion f o r  a model performing a forced  sinusoidal 
o sc i l l a t ion   i n   s ides l ip   fo r   t he  yawing moment i s  

yZY = MY + M+ + A s i n  ut  + B. COS u t  
.. 

and for   the  rol l ing moment i s  
4 

Y$ = M@ + M g  + C s i n  u t  + D COS u t  

where A and C are   the maximum in-phase yawing and ro l l i ng  moments, respec- 
t ively,  and B and D are  the  corresponding  out-of-phase moments supplied 
by the   s t r a in  gage. The terms 7z and 7x are  used t o  represent any 
unbalance of the model about the .mounting point t ha t  m a y  exist;  yZ i s  
proport ional   to  the mass and the  distance that the center of gravity of 
the mass is  forward.or r e w a r d  of the mounting point,  and 7x is  pro- 
po r t iona l to   t he  mass and the  distance of the mass center of gravity 
above o r  below the mounting point. These terms  should  be  small  since 
it was attempted t o  balance  the model about the mounting point. The 
equations  for  the  displacement,  velocity, and acceleration along  the 
Y-axis are  given  approximately by: 

y = yo  s in  cut 

f = you cos cut 

j ;  = -y& 2 s in  cot 

and the  result ing  expression  for  the  sideslip  angle p is: 

y@  cos u t  
P =  V 

Substituting  equations (3)  and (4) into  equations (1) .and ( 2 ) ,  
separating  the moments that a re   i n  phase and out of phase w i t h  the motion, 
and nondimentionalizing  give  the  following  expressions: 
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47z + A 
CnS = pbw2& a2P%bw?Yof2 

11 

I .  t 
Measurements of the moments A, B, C, and D were made with the wind 

on  and o f f .  The wind-off resu l t s ,  wherein  the aerodynamic derivatives 
are  zero, measured the 7z and 7x terms and any other  deviation from 
zero  that m a y  be present. The aerodynamic derivatives  therefore were the 
differences between the wind-on  and wind-off resu l t s .  

PRESENTATION OF RESULTS 

The .measured data presented  herein  are  divided  into  three  general 
groups: (1) the   s t a t i c  data f o r  which the  longitudinal  data  are  given 
in   f igure  7 and the   l a te ra l   da ta   in   f igure  8, (2)  the  oscil lation-in- 
s idesl ip  data f o r  which the aerodynamic derivatives  are  plotted  against  
angle of a t tack  in   f igure 9 and against  frequency in   f igure  10, ( 3 )  com- 
parison of sharp- and round-nose a i r f o i l   d a t a   f o r  which the  osci l la t ion-  
in-sideslip  data  are  presented  in  figure 11 and the  oscillation-in-yaw 
da ta   in   f igure  12. The computational  data  for  the  period and time t o  
damp t o  one-half  amplitude of the osci l la tory mode are  presented  in  f ig- 
ures 1-3 and 14 for   a l t i tudes  of 0 f e e t  and 50,000 feet ,   respectively.  
In  addition,  the roots of the  la teral-s tabi l i ty   character is t ic   equat ion 
are  presented  in  tables I11 and IV for   the two a l t i tudes  of 0 f e e t  and 

data  obtained from references 12 and 1-3 and used in   the  calculat ions.  
A list of the  f igures and data  presented  herein i s  given i n   t a b l e  V. 

, 
I 50,000 fee t .  The data  of figure 1.5 are  steady-state  rolling and yawing 

DISCUSSION 

Steady-State Tests 
’+ 

The steady-state l i f t ,  drag, and pitching=moment coefficients for 
the  three  configurations are presented  in  f igure 7. These data  are simi- 
lar to   the  data   presented  in   reference 12 for   the  same configurations. 
The experimental  lift-curve  slope of the wing through  zero  angle of 



at tack is 0.045 compared t o  a theoretical   value of 0 .&2 and the aero- 
dynamic center i s  0.38 campared t o  a theoret ical   value of 0.33. Addi- 
t i o n  of the  fuselage and the   ve r t i ca l  tail had only  minor e f fec ts  on the  
s ta t ic   longi tudinal   character is t ics .  The steady-state  sideslip  data 
( f ig .  8) obtained in   t hese  tests are similar to   the   da ta   p resented   in  
reference 12 fo r   t he  same configurations, and the  values of the  deriva- 
t ives   a re   genera l ly   in  good agreement except at the  high  angles of attack. 

!?%e re su l t s  of  the tests i n  which the  s idesl ip  was changed frm 
-loo t o  loo fo r  several c r i t i c a l  angles of attack  indicated that for 
almost a l l  cases  the  variation of the  derivative was suf f ic ien t ly   l inear  
so t h a t   t e s t s  at p = +5O give a satisfactory  representation of the 
derivative.  For the one case  in  which t h i s  was not  true,  use  of  the 
actual  slope  through p = 0' would have resulted  in  only a minor change 
i n   t h e   p l o t  of against a. Therefore, for  the  sake of consistency, 

the slopes between p = k5O were used  throughout to   obtain the s t a t i c  
derivatives. 

% 

Oscillation-in-Sideslip Tests 

In  figure 9, the  data presented  for each configuration show the 
var ia t ion of the  four measured derivatives Crib,,,, C ~ B , , , ,  c"p,Lu) and 

zP,Lu w i t h  angle of attack  for  the  different  frequencies  tested.   In 

f igure 10 the  var ia t ions of the  derivatives  with  frequency  for  several 
representative  angles of a t tack  are  shown. These data  show, in  general ,  
t ha t  (1) the magnitude  of the  derivatives undergoes very  large changes 
a t   t he  high  angles of attack, (2 )  f o r  a given  angle of attack  the changes 
i n  magnitude are  dependent upon the frequency of the  osci l la t ion,  and 
( 3 )  the var ia t ion of the  derivatives w i t h  angle of a t tack i s  more nearly 
l inear  for the high-frequency osci l la t ion  than  for   the low-frequency 
osci l la t ion.  This behavior of the  osci l la tory  s tabi l i ty   der ivat ives  has 
been noticed  previously.  (refs. 3 ,  5, 6 ,  and 14) and has  been at t r ibuted 
t o   t h e  lag i n   t he  development of the changes i n  flow  over  the wing, which 
are  due to   s ides l ip   ( r e f .  14), and t o  a lag i n  the developed  sidewash 
affect ing  the  ver t ical  t a i l  ( r e f .  15). 

The fac t  that data   for   the high-frequency osc i l la t ions   a re  more 
nearly  l inear and at the  higher  angles of a t tack  are   c loser   to   the  theo-  
r e t i ca l   r e su l t s   fo r   t he  wing-alone configuration  (refs. 15 and 16) indi- 
ca tes   tha t   for  high-frequency osci l la t ions  the changes i n  flow tha t   a re  
normally  expected f o r  a sideslipping wing  do not have suf f ic ien t  time t o  
develop. However, as the frequency of osc i l la t ion  i s  lowered, there i s  
more  and  more tlme f o r  breakdown of the flow t o  occur until the  steady- 
s ta te   condi t ion is reached. 

. -. ... - .. ". . . . .. , - , , . , 



Acceleration  derivative Cn' *.- The resul ts   for   the wing-alone 

configuration  indicate a large  increase  in Cni,* at high  angles of 

attack above approximately 16O, part iculasly  for   the lower frequencies 
( f ig .  9(a)) .  A s  a matter of fac t ,   th i s   increase   in  i s  respon- 

s ib l e ,   t o  a large  extent,   for  the  large change i n  the damping term 

(Cnr,m - 'n6,m) 
and 14. ) Figure 10( a) shows the  large change i n  "ne,., as the  frequency 

d e c r e a s s .  The trend of the  curves  indicates  that  the  largest  effects 
of  changes i n  frequency  occur at the low frequencies and tha t  above 

3 . 3  cycles - = 0.218 the  effects  of  changes i n  frequency are   l ess  

pronounced. 

Y 

cn6,* 

measured by oscillation-in-yaw  tests. (See r e f s .  3 

G ) 
Addition of the  fuselage t o  the wing ( f ig s .  9(b) and 10(b)) 

resu l ted   in  two rather  noticeable  effects on the  oscil lation  derivatives.  
F i r s t ,   f o r  comparable angles of attack, it tended to  decrease  the magni- 
tude of the  derivatives somewhat, although  they were s t i l l  large, and 
second it appeared t o  delay, u n t i l  a somewhat higher  angle of attack 
had been attained,  the  point where the  large  increases  in C became 

important. The data  show that only between the  angles of 220 and 30° 
I-% ,* 

~ 

do these  large  increases  in occur. c,i,u, 
For the  wing-fuselage-vertical-tail  configuration  (figs. 9( c )  

and 10( c )  ) there were important changes i n  C with changes i n  fre- 

quency throughout the angle-of-attack  range; whereas, for  the  previous 
configurations  these changes occurred  only at the  higher  angle-of-attack 
range. It i s  interest ing  to   note   that  at the low angles of attack an 
increase  in  the  frequency of motion r e s u l t s   i n  a decrease i n  Cn6 

A s  a matter of fact ,   the magnitude  of the  negative  values of Cno 

at any but  the  lowest  frequency is of the same order  as  the  steady-state 
damping (-C 1 shown in   f igure  15 for  this  configuration. This would 

indicate  that,  unless  the oscillatory-damping-in-yaw 

increases with frequency, a configuration  such as this would have l i t t l e  
or no damping i n  yaw during  la teral   osci l la tory motions at low angles  of 
attack  for  high  frequencies of osci l la t ion.  A t  the  high  angles of 
attack, above 30°, t he   ve r t i ca l  t a i l  tended t o  help  maintain the value 

v,* 

,w' 
Y *  

nr/ 
(-cn,,u) 

of cI-$ 
9* 

large, rather than  permit a decrease as occurred f o r   t h e  wing+ 

fuselage combination. 
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Acceleration  derivative C Z ~ , ~  . - The C 1- da ta   fo r   t he  wing-  

alone  configuration  (figs. g(a) and lO(a)) exhibit character is t ics  simi- 
P,U 

lar to   t hose   fo r  Cn i n   t h a t  at the  higher  angles of a t tack  there  P ,U 
are large  increases  in magnitude of CZB,,, and these  increases  are depend- 
ent on the  frequency of  motion. The slower the  osci l la t ion,   the   lmger  
the magnitude of CzB 

. 

The addition of the  fuselage or of the  fuselage and ve r t i ca l  t a i l  
( f ig s .  g(b),  g(c),  10(b), and lO(c) ) resu l ted   in  a smaller increase  in  
magnitude of C Z ~ , ~  at the  higher  angles of attack  than was obtained 

f o r  the wing alone and also  tended t o  delay until a hrlgher angle of 
attack was attained  the  point where these  sharp  increases  in magnitude 
take  place. 

Directional stability Cnp,,.-  The direct ional-s tabi l i ty   data   for  

the wing alone  presented in   f igures  9 (a) and 10( a) show t h a t   a t  low 
angles of a t tack  the  osci l la tory and steady-state  values  are about the 
same and both  agree w e l l  with  theoretical  values.  (Theoretical  values 
were obtained by methods presented  in ref. 16. ) In  the high-angle-of- 
attack  range where the  values  for  the steady-state d i r ec t iona l   s t ab i l i t y  
decreased and  became negative,  the  oscillatory  values remained consider- 
ably  higher. This increase   in   s tab i l i ty  became larger  as the  frequency 
of motion increased so tha t  at the  higher  frequencies  the  oscillatory 
values of C were closer   to   theoret ical   values   than  to   the  s teady-  

state  values.  
nP ,* 

The data   for   the wing-fuselage  combination ( f igs .  g(b) and 10(b)) 
show an ef fec t  due t o  frequency of the  osci l la tory motion which was 
similar t o   t h a t  of the wing alone. The en t i r e  group  of data, however, 
was displaced  in a negative  direction  (decreased  directional  stabil i ty) 
by an increment i n  of  about 0.03. cnP 

For the  wing-fuselage-vertical-tail  configuration i n   t h e  low- 
angle-of-attack  range  (fig. s ( ~ ) ) ,  the  s teady-state   s tabi l i ty  is much 
higher  than  that f o r  the  previous two configurations  because of the 
presence of t h e   v e r t i c a l   t a i l .  The osc i l la tory   resu l t s  show a  consider- 
able  increase  over the steady-state  values. This increased  s tabi l i ty  
shown by the   osc i l la tory   t es t s  i s  maintained  throughout  the  angle-of- 
attack range so tha t  at the  higher  angles where t h e   s t a t i c   s t a b i l i t y  
falls  to   zero and  becomes negative  the  oscillatory test  values  .maintain 
s t a b i l i t y   t o  a considerably hdgher  angle of attack.  Figure  lO(c) shows 
the  rapid rise that  occurs  for as the  frequency of motion i s  

c"P,U 
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increased from zero t o  about cub - - - 0.1. Above = 0.1 the  values of 2v  2v 

cnP,m 
tend to   l eve l   o f f  and then  decrease  slightly. 

Effective  dihedral  parameter 4 2  .- The effective  dihedral- 

parameter r e su l t s   fo r   t he  wing :lone (f ig .  9( a) ) were, in  general, 

somewhat s imilar   to   the Cn resu l t s .  A t  the lower angles of attack 

the   s t a t i c  and osc i l la tory   resu l t s   a re  similar and approximately  the 
same as  the  theoretical  values. The theoretical   values were obtained 
by the methods presented  in  reference 1-7 i n  which the   e f fec ts  of taper 
are  omitted. A t  the higher  angles of a t tack  the  s ta t ic   effect ive  dihe-  
dral   decreases and  becomes negative, whereas, the  oscil latory  values 
remain higher.  Increasing  the  frequency of osc i l la t ion  at the  high 
angles  increased  the  dihedral   effect  so  t ha t  it more nearly approached 
the  theoretical   value.  

(%) 
P 

Addition of the  fuselage  to  the wing ( f igs .  g(b)  and 10(b)) did 
not  appreciably  affect the osci l la tory data. It did however cause an 
appreciable  increase  in  the  static  test   value of effect ive  dihedral   a t  
the  high  angles of attack so  tha t  t h i s  value i s  among the  osci l la t ion 
test   values.  The fuselage  apparently  prevents  the development of the 
large  disparity of separation  effects  that  occurred on the  leading and 
t ra i l ing  panels   for   the wing alone. I n  t h i s  respect,  the  effect of the 
fuselage is  somewhat similar to   the   resu l t s  of t he   o sc i l l a t ion   t e s t s   i n  
which the  full-separation  effect  does  not have suff ic ient  time t o  
develop. 

The results  for  the  wing-fuselage-vertical-tail  configuration 
(f igs .   g(c)  and 1O(c))  are  very similar t o  those  for  the wing-fuselage 
configuration. 

Comparison of Oscil lation Data for   Del ta  Wings with a Round 

Leading Edge  and a Relatively Sharp  Leading Eage 

The large changes in   the  osci l la t ion  der ivat ives   that  were 
obtained &t th&higher  angles of attack have  been a t t r ibu ted   to   the  
e f fec ts  of flow  separation.  In  order  to  pursue  this  idea a l i t t l e   f u r -  
ther, same t e s t s  were made  on another wing of the same plan form and 
approximate thickness  but w i t h  a f l a t -p l a t e   a i r fo i l   s ec t ion  and a much 
larger  leading-edge  radius. A comparison is  made of the   resu l t s   for  
both wings from oscil lation-in-sideslip  tests and oscillation-in-yaw 
t e s t s   i n   f i gu res  11 and 12, respectively. It can  be  seen tha t  for both 
cases chahges i n  frequency of motion  cause much larger changes i n  
magnitude of the  der ivat ives   for   the sharp-nose a i r f o i l  than  for  the 
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round-nose a i r f o i l .  These resul ts   substant ia te   the idea that   the   large 
frequency  effects are closely  associated  with  the  separation of flow 
over  the wing inasmuch as it i s  well known that   separat ion is  l i k e l y   t o  
occw somewhat earlier and usually is more pronounced for a sharp 
leading edge than  for  a well rounded one. 

Effect of Sideslip  Oscillatory  Derivatives on Period and 

Time To Damp t o  One-Half Amplitude 

In order  to  determine the ef fec t   tha t   the   s ides l ip   osc i l la tory  
derivatives m a y  have on the   ca lcu la ted   s tab i l i ty  of a typical   del ta-  
wing airplane, some computations of the  period and time to damp t o  one- 
half  amplitude were made. In these  computations,  both  the  oscillatory 
stabil i ty  derivatives  discussed  herein and the  steady-state  derivatives 
shown in   f i gu re  15 were  used. The calculations  were made f o r  two alt i-  
tudes, 0 and 50,000 feet ,  and at angles of a t tack from 2 O  t o  280. For 
the  oscil latory  cases,  P and T l / 2  were obtained by a process of 
i t e ra t ion .   In i t ia l ly ,   the   va lues   for   the   s ides l ip   der iva t ives   for  some 
assumed frequency were inserted  into  the  equations of motion  presented 
in  reference 4, and the  period was calculated. The computed period 
usually  differed from t h a t   i n i t i a l l y  assumed and, therefore, new values 
of the  der ivat ives   for  a period o r  frequency  close to the computed 
period were used.  This  process was continued until the  period  for which 
the derivatives were used  agreed  with  period  resulting from the  calcula- 
t ions.  This procedure i s  normally  not  necessary where there i s  l i t t l e  
change  of the derivatives  with  frequency. !he time t o  damp is  shown 
only  for   the  osci l la tory mode of motion in   f igures  13 and 14 because it 
i s  believed that the  stabil i ty  derivatives  obtained from osc i l la t ion  
t e s t s ,  such as these, are most per t inent   for   the  osci l la tory mode. A l l  
four  roots of the  lateral-stabil i ty  characterist ic  equation  are  given 
i n  tables 111 and IV. 

Figures 13 and 14 show that  there i s  a considerable  difference 
i n   t h e  time t o  damp which  depends upon whether the  steady-state or 
osci l la tory  der ivat ives  are used. A t  zero alt i tude,   for  instance,   the 
time t o  damp t o  one-half amplitude for   the low-angle-of-attack  region 
i s  longer i f  the  oscillatory  derivatives  are  used.  This pyobably 
occurs  because of a decrease  in  the damping as a r e su l t  of the more 
negative  value of Cnb,w discussed  previously. A t  the  higher  angles 

of attack where the damping was larger, no osci l la tory mode is  indi- 
cated. The period of the  osci l la t ion was practically  unaffected at the 
low angles of attack. A t  the  higher  angles of attack, however, the 
period  appeared t o  be  considerably  affected. 
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y, I 1 The computations f o r  an a l t i t ude  of Y,OOO f e e t  
similar to   t hose   fo r   t he  lower al t i tude,   except   that  
damping using  the  osci l la tory derivatives fs greater  
angles of at tack. 

CONCLUSIONS 

indica te   resu l t s  
the  indicated 
even a t  moderate 

The re su l t s  o f  tests m a d e  t o  determine  the  effects of  frequency 
of o sc i l l a t ion   i n   s ides l ip  a t  a maximum amplitude of +2O on the   s t ab i l -  
i ty   der iva t ives  of a typ ica l  600 delta-wing  airplane  configuration  indi- 
cate  the  following  conclusions: 

1. 
combina 
tude of 
changes 

For a l l  three  configurations  tested ( w i n g  alone,  wing-fuselage 
,tion, and wing-fuselage-vertical-tail  combination),  the magni- 

the  osci l la tory  s idesl ipping  der ivat ives  underwent very  large 
a t  the  high  angles  of  attack and the  magnitude  of the  changes 

was dependent upon the  frequency of osc i l la t ion ,  In  general a t  the 
low angles of a t t a c k   l i t t l e   e f f e c t  of frequency on the   osc i l la tory  
derivative was noted,  with  the  exception of the yawing-moment derivatives 
of the complete-model configuration  for which a re la t ive ly   l a rge   e f fec t  
of frequency was noted. 

2. For the complete-model configuration  (wing-fuselage and v e r t i c a l  
t a i l )  the  osci l la tory motion  introduced a considerable  effect  on both 
the  osci l la tory yawing-moment-acceleration derivative Cni,u and the 
osci l la tory  direct ional-s tabi l i ty   der ivat ive throughout  the 

angle-of  -attack  range. In the low-angle-of -attack  range, Cni ,cu bename 

increasingly  negative  with  frequency so  tha t  at a reduced  frequency  of 
about 0.218 the  negative  value of Cn;,,, was equal   to   the  s teady-state  

damping i n  yaw. A t  high  angles of a t tack Cnp,, went t o  very large 
positive  values. The osc i l la tory   d i rec t iona l   s tab i l i ty  was  greater  than 
the  steady-state  directional  stability  throughout  the  angle-of-attack 
range . 

CnP 

3 .  For the  complete-model configuration  the  effects of frequency 
of  motion on the rolling-moment derivatives were relatively small at the 
low angles of a t tack and were large at the  high  angles of attack. 

4 .  The oscillatory  rolling-moment-acceleration  derivative C Z ~ , ~  

for   the  wing-alone configuration  generally and the  derivative 

increased  in magnitude as the  frequency o f  oscil lation  decreased. The 
c"p, u) 
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oscil latory  sideslipping  derivatives  (both  roll ing moment and yawing 
moment) C zP 7~ and C deviated  further from the s ta t ic   der iva t ive  

and a t  the  high  angles of a t tack more closely approached the  theoreti-  
cal  values as the  frequency of oscil lation  increased. 

nP7, 

5. Addition  of a fuselage  to   the wing delayed, u n t i l  higher  angles 
of attack,  the  large changes in   the   osc i l la tory   s tab i l i ty   der iva t ives ,  
and although  this  addition  tended  to  decrease  the  effect of frequency 
changes on the  derivatives somewhat, the magnitude was st i l l  large. 

6. Leading-edge radius had a very pronounced e f f ec t  on the 
osc i l la tory   s tab i l i ty   der iva t ives   for   the  wing-alone configuration. 
Decreasing  the  leading-edge  radius  (sharper  nose)  increased  the magni- 
tude of the  frequency  effects  obtained  for  oscil lations  in  both  side- 
s l i p  and  yaw. 

7. Camparison of the  calculated  period of o sc i l l a t ion  and time t o  
damp t o  one-half  amplitude f o r  a typical  delta-wing airplane using 
steady-state  data and osci l la tory  data  where applicable shows t h a t   a t  
low angles of attack  the  period i s  unaffected,  whereas,  the time t o  
damp t o  one-half  amplitude is increased by using  the  oscil latory 
derivatives.  A t  high  angles of attack, however, use  of  the  oscillatory 
da t a   i n   t he  computation of the  roots of the  la teral-s tabi l i ty   character-  
ist ic  equation  indicated more  damping  and stabil i ty  than  obtained by 
us ing   t he   s t ew-s t a t e   da t a .  Generally  the  data  for an a l t i tude  of 
50,000 feet indicated similar characterist ics,   but  with an improvement 
even a t  moderate angles of attack. 

Langley Aeronautical  Laboratory, 
National Advisory Cammittee f o r  Aeronautics, 

Langley Field, Va., M a y  24, 1957. 
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TABU I . . PERTINENT GEOMETRIC CHARACTERISTICS  OF MODEIS 

p Fuselage: 
1 Length. i n  9 . 0  

Body-size rat io .  dl& . . . . . . . . . . . . . . . . . . . .  0.165 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
M a x i m u m  diameter. d. i n  . . . . . . . . . . . . . . . . . . . .  6.0 
Fineness  ratio . . . . . . . . . . . . . . . . . . . . . . . .  9.0 

Volume. cu i n  . . . . . . . . . . . . . . . . . . . . . . . .  990 
S i d e a r e a . s q i n  . . . . . . . . . . . . . . . . . . . . . . .  252 

W i n g  : 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Leading-edge sweep angle,  deg . . . . . . . . . . . . . . . .  60 
Dihedral  angle.  deg . . . . . . . . . . . . . . . . . . . . .  0 
Twist. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
NACA a i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . .  65A003 
Area. s q   i n  . . . . . . . . . . . . . . . . . . . . . . . . .  576.7 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.5 

Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  31.6 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . .  21.1 

i 
I 

i 
I j Leading-edge sweep angle.  deg . . . . . . . . . . . . . . . .  42.5 
I NACA a i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . .  63-006 

Area. s q   i n  . . . . . . . . . . . . . . . . . . . . . . . . .  66.0 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.00 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  11.00 
Mean aerodynamic chord., i n  . . . . . . . . . . . . . . . . . .  7.35 

I T a i l  length. i n  . 21.5 
k e a  ra t io .  WS, . . . . . . . . . . . . . . . . . . . . . .  0.115 

i' Tail-length  ratio. b/bw 0.59 

Vert ical  t a i l :  . . . . . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  2.18 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . . . . . . . . .  
i 

. . . . . . . . . . . . . . . . . . .  ,, I 

. 



22 - NACA RM L57F07 

TABLE 11.- ORDINATES FOR NACA 65003 AND 

65-006 AIRFOILS AND FOR THE FUSELAGE 

[Statzon and ordinates f o r  wing and v e r t i c a l  t a i l  i n  
percent   a i r fo i l  chord; s t a t ion  and ordinates for 
fuselage  in  percent of fuselage  length1 

-1 

I Wing 

Station 

0 - 50 
075 

1.25 
2.50 
5 .oo 
7 -50 

10. DO 
15 .oo 
20.00 
25.00 
30.00 
35-00 
40.00 
45 .OO 
50.00 
55 -00 
60.00 
65 .oo 
70.00 
75.00 
80 .oo 
85.00 
go. 00 
95 -00 

100.00 

Ordinate 

0 
.234 
.284 
.362 
,493 
.658 
.796 
.912 

1.097 
1.236 
1.342 
1.420 
1.472 
1.498 
1.497 
1.465 
1.402 
1.309 
1.191 
1 053 

897 
-727 
.549 
369 

.I88 

.007 

I L. E. radius, 0.057 

Vertical  t a i l  

NACA 65-006 

Stat ion 

0 
-50 
-75 

1.25 
2.50 
5 .oo 
7-50 

10.00 
15 .oo 
20.00 
25 .oo 
30 .oo 
35 * 00 
40 .OO 
45 .OO 
50 .oo 
55 00 
60 .oo 
65 .oo 
70.00 
75 *oo 
80 .oo 
85.00 
go .oo 
95-00 

100 . 00 

Ordinate 

0 
.476 
.574 
717 

.956 
1.310 
1 589 
1.824 
2.197 
2.482 
2 697 
2.852 
2 - 952 
2.998 
2 983 
2.900 
2.741 
2.518 
2.246 
1.935 
1 594 
1.233 

.865 

.510 
195 

0 

L. E. radius, 0.240 

r Fuselage 

Stat ion 

0 
.6 
-9  

1.5 
3 -0 
6 .o 
9 00 
12.0 
18.0 
24 .O 
30 .O 
36 .o 
40 .O 
42 .O 
48.0 
54 -0 
60 .o 
66 .o 
72 .O 
78.0 
84 .O 
90.0 
96.0 
100.0 

Ordinate 

0 
1.7 

.24 

.41 

.80 
1-54 

2.84 
3 -87 
4.67 
5.20 
5-50 
5.56 
5.54 
5-52 

2.22 

5.41 
5.24 

4.76 

4.06 

5.04 

4.43 

3.61 

2.76 
3 J3 



TABLE 111.- ROOTS OF THE  LATERAL-STABILITY  CHARACTERISTIC  EQUATION 

[Altitude, 0 f t ;  !.I = 11.85; b = 39.1 f q  

1 

-0.0324 

- -1269 

- -1689 

- . a94  

- .2290 

- .2836 

.3850 + 0.4678j 

- - 0535 

Steady state r 
-2.875 

-2.479 

-2.463 

-2.419 

-2 * 573 

-2.687 

.385O - 0.4678 

2.311 

3 

-0.6197 + 3.9+9i 

-.8O95 + 4.6621 

-.8814 + 5.288i 

-.8755 + 5.409i 

-.9339 + 4.9523 

-.8855 + 3.614j 

-2.788 i 1.2843 

-3.602 + 1.628i 

4 

-0.6197 - 3.549 

-.8095 - 4.662i 

-.8814 - 5.288i 

-.8755 + 5k09i 

-.9339 - 4.952i 

-.8855 - 3.6143 

-2.788 - 1.284i 

-3.602 - 1.628i 

1 

-0.0086 

- .0824 

-. l47f 

- .218c 

-. 2552 

- .2865 

- .4045 

- .0014 

2 

-2.892 

-2.574 

-2.432 

-2.480 

-2.484 

--515! 

.01y 

Oscillatory 

3 

q0.3018 + 3.946i 

-.2258 + 5 . 0 2 ~  

-.5202 + 5.833i 

-.7951 + 6.5983. 

-.4752 + 6.6223. 

-.6556 + 6.5041 

-1.752 

.LEK32 

4 
~~ 

-0.3018 - 3.946i 

-.2258 - 5 . 0 2 ~  

-.5202 - 5.833i 

-.7951 - 6.598i 

-.4752 - 6.622i 

-.6556 - 6.5041 

-21.78 

-37.88 



'J v, 
eg ft/sec 

10 724.0 

16 561.0 

20 508.0 

22 490.3 

24 475.6 

26  462.6 

28 453.0 

TABLE IV.- ROOTS OF THE IATEWL-STABILITY CHARACl'WISTIC EQUATION 

[Altitude,  5OJO00  ft; 1 = 77.8; b = 39.1 ft] 

Steady s t a t e  

2 3 

0.8306 + 12.261 

-.go76 + 13.861 

-.9732 + l3.13i 

-1.005 + 9.995j 

-3.228 + 3.8861 

4 

0.8306 - 12.261 

-.go76 - 13.861 

-.e976 - 14.151 

-.9732 - 13.131 

-1.005 - 9.995 

-3.228 - 3.886 

-5.452 - 3.167 

I- - 

" 

4 

i 

i 

i 

- 

L 

1.0707 

- .lo33 

- .1513 

-, 1723 

- .1g1g 

-.a36 + 0.6048j 

-.0351 

OSCillatO~ 

2 3 

3.5657 + 12.98 

-1.518 + 16.04 

-2.921 + 15.37 

3 - 133 

3.009 

4 
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TABL;E V. - LIST OF  TESTS AND DATA FIGLTRES 

I 

Configuration Data 

Wing 
Wing-fuselage 
Wing-fuselage-tail 

Steady-state CL, &, 
and CD against a 

~~~ ~ 

Wing 
Wing-fuselage 
Wing-fuselage-tail 

Steady-state Cnp, Czp,  
and Cy against a P 

Wing 
Wing-fuselage 
Wim-fuselaxe-tail 

Wing 
Wing-fuselage 
Wing-fuselage-tail 

IP, T1/2, and T2 against a f o r  

Wing-fuselage-tail 0-f oot   a l t i tude 
P, T1/2, and T2 against a for 
I 50,000-foot a l t i t ude  

Steady-state CZ,, Gn,, ck,, 
Wing-fuselage-tail C zP, Cnp, and Cyp against a 

sc i l la tory  
amplitude 
f s ides l i r  

+2O 

+2O 

+2O 

+20 

figure 

7 

8 

11 

I 2  

13 

14 

1-5 
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L Iff 

NACA RM L5T07 

Y L atera/  force 

I V Drag 

Figure 1.- System of stability  axes. Arrows indicate  positive  forces, 
moments,  and angular displacements. 



A J, /2.00 
t 

/8" 

Figure 2.- Three-view  sketch of model  used in tests. (All dimensions  are  in  inches.) 

I 
-4 
fu 



L-90781 
Figure 3. - Photograph of the  complete-model  configuration  mounted  in  the 6- by &foot t e s t  

section of the  Langley  stability  tunnel for oscillation-in-sideslip  tests. 



(a) View of l e f t   s i d e  of tunnel. L-92023.1 

Figure 4.- Photographs showing the  oscil lation  apparatus and drive mechanism. 



w 
0 

I 
(b) View of r ight   s ide of tunnel. L-90775 - 1 

Figure 4. - Continued. 



. .. . 

( c )  View of the  drive mechanism. r.-g0776.1 

Figure 4. - Concluded. 

I 



I 

Figure 5 .  - Sketch showing typical  model motion in   the  tunnel .  

I 



s -  

L-90778 w 
Figure 6.- Photograph of the box used t o  encase the model for determining  the s t i l l -a i r  correction. w 
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Ang/e of attack, E, deg 

Figure 7.- Variation  of  static  lift,  drag,  and  pitching-moment  coeffi- 
cients  with  angle  of  attack  for  the  three  configurations  tested. 
p = 0 .  



cmfigumim 
" wing 
-D- wimp Fuselage 
U Wmg - Fusehge - 7b/l 

I 
Angle of attack, E, deg 

0 

-.08 

46 

% 
-24 

- 32 

- 40 

-48 

-56 

.4 0 4 8 I2 16 20 24 28 32 

Angle of attack, E, deg 

Figure 8.- Variation of t he   s t a t i c   l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  w i t h  angle of attack f o r  
three  configurations  tested. 
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E 
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-4 
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- -- Tbeareflcal resulfs from  refereme 16 

Aqle af oth-k, E, deg 

(a) Wing-alone 

Figure 9. - Variation of s t a b i l i t y  
measured during  osci l la t ion f o r  

_" Thearetlcai  resulfs  from  reference 17 

0 4 8 12 16 20 24 28 32 
Aqle of atfack, X, &g 

configuration. 

derivatives  with  angles of attack 
the  three  configurations  tested. 
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Ang/e of attack, E, deg 

C 9, 

.8 

A 

0 
w 

-I 

- . 8  

-L 2 

-1. 6 

-20 

0 4 8 12 I6 20 24 28 32 

Angle of attack, e, deg 

(b) Wing-fuselage  configuration. 

Figure 9.- Continued. 



.32 

28 

24 

.I6 

04 

w o  

704 

-.a8 

-.I 6 

2 0  

-74 

NACA RM L57F07 

.4 

0 

-4  

,u -.8 

4 2  

-1.6 

-20 

-24 

- 
0 4 8 I2 I6 20 24 28 32 0 4 8 12 1 6  20 24 28 32 

Angle of otfack, E, deg  Angk. of affack, E, deg 

( c )  Wing-fuselage-tail  configuration. 

Figure 9.- Concluded. 



0 16.75 
V 20.95 
A 2512 
29.27 

0 
0 

a: 
.o/ 

8.36 

- 2v 
wb 

C b W 

- 2v 
ub 

(a) Wing-alone configuration. 

Figure 10.- Variation of stabil i ty  derivatives  with  frequency  for  various angles of a t t a c k  f o r  
the three  configurations  tested. 
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0 .oo 
0 16.72 
0 8.34 

v 2091 
A 2509 

2922 

a: 

W 

0 . 0 4  .08 .I2 .I6 .20 .24 

5b 

C 
!&W 

NACA RM L57FO7 

.8 

4 

0 

-4 

-.8 

-f. 2 

-f.6 

-2.0 

.08 

.04 

0 

-.04 

:08 

:12 

:I 6 

.M .. 
0 .04 .08 .I2 .I6 .20 .24 

m wb 

(b) Wing-fuselage  cor!!iguration. 

Figure 10.- Continued. 



NACA RM L57F07 

w 

0 .oo 
0 834 
0 16.72 
v 20.90 
25.09 
29.22 

0 .04 .08 .I2 .I6 20 .24 

% 

41 

.8 

4 

0 

-4 

-. 8 

4 2 

-1.6 

-2.0 

-2.4 

(c) Wing-fuselage-tail  configuration. 

Figure 10.- Concluded. 
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Alrfad Flat plate wb/2V 
e "i) .-  0066 
& --+" 0.218 

a 

12 

.m 

.04 

0 

- 04 

0 4 8 12 16 20 24 28 32 
Angle of oflack, E, deg 

NACA RM L57F07 

Angle of affack, E, deg 

Figure 11.- Oscillation-in-sideslip  stabil i ty  derivatives  plotted  against  
angle of a t tack  f o r  t he  wing with a sharp  leading edge (NACA 6 5 ~ 0 0 3  
a i r f o i l )  and for t he  wing with a round leading edge ( the   f l a t -p l a t e  
sections) for two frequencies. 
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A/rfod Flof plafe wb/ZV 
+ "0" 0.066 
& 0.109 "*" 0 I32 
-iz- --&" 0.218 
-&- 

0 

- 04 

-08 

712 

-.I 6 

20 

724 

Angle of offoch, E, deg  Angle of offoch. E, deg 

Figure 12.-  Oscillation-in-yaw  stability  derivatives  plotted  ag,ainst 
angle of a t t ack   fo r   t he  wing with a sharp leading edge (NACA 65A003 
a i r f o i l )  and for the  wing with a round leading edge ( the   f l a t -p l a t e  
sec t ions)   for  various frequencies. 



2 
2 , sec 

Angle of affach E, deg 

(a)  Time  to  damp to one-half  amplitude. 

c j  sec I 
Angle of affach Cr;; k g  

E 
(b) Period of the  oscillation. 

Figure 13.- Period  and  time  to  damp  to  one-half  amplitude of the  oscillatory  modes  for an altitude t+ 
of 0 feet. 2 0 

4 



Angle of attack? E? &g Argle of atfack, E, & 

(a)  Time  to  damp  to  one-half  amplitude. (b) Period  of  the  oscillation. 

Figure 14.- Period  and  time  to  damp  to  one-half  amplitude  of  the  oscillatory  modes f o r  an altitude 
of 50,000 feet. 
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-4 0 4 8 12 I6 20 24 28 32 36 

Angle of aftack, E, deg 

Figure 15.- Variation  with  angle of attack  of  the  steady-state  rolling 
and  yawing  derivatives  for  the  wing-fuselage-tail  configuration  used 
in  computations.  Rolling  data  from  reference 12 and  yawing  data  from 
reference.13. 

NACA - Langley Field, Vp. 
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